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Abstract 
Students enrolled into an engineering programme are expected to have good grasps of mathematical concepts and procedures as 
mastery of mathematics is essential to succeed in engineering based programmes. However, many new engineering students do 
not possess adequate mathematical skills and as a consequence, engineering teachers often have to spend  time on remedial work 
in the first two semesters of the programme which is counter productive for all. Even with remediation, the outcome is not always 
satisfactory. To enhance the effectiveness of our teaching and learning efforts we tested the use of a blended teaching and 
learning method (CDiCL) where a specifically designed courseware based on the Herman Brain Dominance theory was used 
within a collaborative learning environment. The courseware provides opportunities for individually paced drill and practice 
while the collaborative learning environment provided opportunities for social learning support from peers. We compared the 
CDiCl method to three other methods, namely using the courseware only (CD), using collaborative method only (CL) and using 
the conventional method. We found out that the CDiCL group performs similarly to the CD group but was superior to the CL 
group. Affective factors like attitude and motivation played major roles towards this outcome.   
© 2010 Elsevier Ltd. 
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1. Introduction 
 
Malaysia is a fast developing nation targeting the year 2020 acquiring the developed nation status. To achieve this 
target there is a high demand for all levels of workers and professionals in the technical and vocational related 
disciplines and semi skilled workers form a major component of the technical and vocational workers needed by the 
nation. For the semi skilled workers alone, it is projected that 500,000 of them are required by the year 2020 to 
support the engineering professionals in sustaining the current development momentum (Tracer, 2006). Twenty 
polytechnics under the Ministry of Higher Education have been mandated to ensure a good supply semi-skilled 
worker needed by the country. Lately however, attention has been called upon the performance of polytechnic 
students as some of them could not graduate within the minimum time due to their poor ability in mathematics.  
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Two factors may be contributing to this condition; firstly, the low mathematics requirement for entry into 
polytechnics that leads to enrolment of students who has low mathematics ability. Secondly, the lack of appreciation 
towards the importance of pedagogy among polytechnics administrators that leads to poor choice of mathematics 
teachers for their engineering programmes. All engineering lecturers are perceived as being competent mathematics 
lecturers which are not necessarily true. Mastery of mathematics content does not go hand in hand with mastery of 
pedagogy. These two factors sustain the poor performance of mathematics among students and produced many 
graduates who find it hard to go further after their certificate education level. To overcome the problem, remediation 
classes in addition to the normal class hours was introduced (Zhang, et al., 2008) which leads to higher workload 
among lecturers and rote learning among students as the same processes was being repeated. These efforts have not 
met much success and new approach of solving the poor mathematics performance was needed (Jacobs et al., 2006). 
A teaching and learning method that integrates between technology and social support was thought to be the best 
solution to the problem. Therefore, in this study an interactive multimedia courseware was specifically designed 
using the Hermann Brain Dominance theory and implemented within a collaborative learning environment to see if 
this blended method can overcome the poor mathematics performance which was hope to improve graduation time 
and lecturer’ workload. Mastery in mathematics is mandatory in any engineering program. Nik Aziz (1995) and 
Noraini (2006) blamed one of the weaknesses is the teacher training institutions did not get high achievers taking 
teaching jobs. Many forms of misinterpretation in basic concepts like fractions were unearthed not only in Malaysia 
but also among undergraduate students in Australia (Mays, 2000). TIMMS tracer study conducted in 2003 
discovered that topics like fractions still posed a serious problem in many countries globally and teaching by chalk 
and talk were too commonly used as an instructional strategy (Suhaida, 2006). The misunderstanding was they think 
higher numbers mean higher values in fractions. Even though many teachers professed that they were able to build 
the fraction ideas at schools convincingly using teaching aids this type of understanding cannot last long once the 
students get onto calculators and number manipulation. Parmjit (2007) found that in UPSR examinations rarely was 
there any question that tested on word problems. Most of the test items in UPSR in year 2004 to 2006 were mostly 
number manipulation only. General performance report from Examination Unit (Kelantan Education Office in 2008) 
revealed that those that passed SPM ordinary mathematics papers obtained low grades ranging from 5C to 8E. In 
order to do well in mathematics, the pupil must have some form of memory and basic mathematical skills. To 
improve memory, a cognitive memory development was tried in America (Hermann, 1995) and South Africa by 
Styne (2003). Hermann discovered the brain having the left and the right hemispheres specialize on number 
manipulations and languages respectively and this must be enforced during lessons’ delivery. The last three decades 
saw that many children were raised in homes having computers and Sharp (2005) argued that the education system 
must exploit this into the new learning systems. By the early 1990s internet came as the greatest blessing to the man 
kind where families and students can go online to learn mathematics and this subject is taught rigorously in the 
Malaysian polytechnic education. Another issue is many body of research discovered that children enjoyed learning 
in teams of 2 to 5 (Slavin, 1995). Through collaborated learning discussion and sharing of skills and ideas happen 
spontaneously. But team building basic principles must be enforced. Here the factors like motivation and attitude 
play dominant roles.  
 
This paper is directed based from two research questions called 1) Is there any effect of learning mathematics using 
interactive multimedia courseware? and 2) Are attitude and motivation the dominant key factors in predicting the 
success of learning mathematics using  the above mentioned courseware?    
 
The rest of the paper is organized in five sections. Second part is the discussion on the essential rudiments of this 
research. The third part is methodology. The fourth section is results and discussion and the final section is focussed 
on conclusion and recommendation. 
 
2. Mathematics 
 
a. Pre-algebra is defined as elementary skills in number manipulation, fractions and substitution while algebra 
incorporates simplify, and factorize.  These topics are in Malaysian mathematics SPM syllabus (Nik Aziz, 1995).   
b. Problem solving is defined as an art in using all the arithmetic, mathematical and common sense skills in order to 
solve a particular problem (Nik Aziz, 1995). 
c. Multimedia Interactive Courseware is a learning tool to provide drilling and practice (Mayer, 2001). 
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d. Achievers - we classified the learners into four groups.  As in polytechnics education high achievers got grade 1A 
to 2A in modern mathematics SPM, medium achievers 3B-4C, low achievers 5C-6C and very low achievers 7D-8D. 
In polytechnic education system MoHE all intakes must get a pass in mathematics. 
e. Hermann Brain Dominance Model propagates that human brain has the left hemisphere specializing on factual 
data and number processing abilities while the right hemisphere on language and social skills (Hermann, 1995).  
f. Gain Score in this case is defined as the difference between post-test and pre-test scores. The pre-test is used as 
the covariate in ANCOVA which is the independent variable while the post test (incorporating gain score) is the 
dependent variable.   
g. Affective factors like attitude and motivation are strongly associated to mathematics (Marzita, 2003).   
 
3. Methodology 
 
a. Each group was trained to follow four important teaching components.  
 
They were Start, Teach, Test and Stop stages within 60 minutes in a computer laboratory weekly for eight weeks. 
The teach component differs in its processes at each group type. The conventional group took talk and chalk 
method. While the CL group took STAD (standard test assessment division) strategy using 100% word problem 
environment. The CD only group used two students per terminal and the teacher was not allowed to interact while 
they were using the courseware. The last group CDiCL took both CD courseware and STAD in collaborative 
learning methodology within the 60 minute lesson where each team has five members. To reduce any confounding 
variable the first writer taught all the theories of pre algebra in the first few weeks in this semester. Pre Test and Post 
Test -A pre test consisted of 12 basic questions was tried out among 137 students at the first week of Year 2006 
Feb/June semester where the students were trained to use a courseware and collaborative learning principles in 
learning pre-algebra before they were again tested with the same questions in Post Test. Three master teachers were 
called to mark the scripts and reliability score was above 0.80 and validity issues was solved by consulting a Ph.D 
mathematics education lecturer from a teacher training institute in Batu Pahat, Johor and few senior mathematics 
engineering lecturers from KBP, Kelantan. The size of the group is shown below Table 4.1 
 
Table 4.1: The size of the group 
 
Group N 
Conventional 29 
CL only 29 
CD only 33 
CDiCL 31 
 
Generally the gender compositions of the groups were 60% boys and 40% girls except CL only group with 85% 
boys and 15% girls. The girls in CL only and CDiCL groups insisted to be in only girl group all throughout the 
study. The CL only group using word problem had to solve at least three problems per session. Appendix A shows 
some examples.  It was designed that the problem started with the easiest to the hardest and this regime was adopted 
fully in the two respective groups called CL only and CDiCL. The only difference between CL and CDiCL was that 
CDiCL took CD courseware in the first 20 minutes before they were led to learn solving word problem in the 
remaining 30 minutes. Three groups CD only, CDiCL and CL only stopped their activities with a 10 minute short 
quiz before they exited the computer laboratory. This quiz was used for two things -accountability and peer 
evaluation in each team and self reflection on how they were progressing in these new teaching methods weekly. 
 
b. Survey  
A survey regarding issues pertaining to collaborative learning principles was conducted at the end of the experiment 
and in this paper an Individual Assessment Form is used to measure attitude level among the participants.  This form 
was adapted from Berkeley et al. (2005) and used by Murdoch University Australia, in its Orientation Programme 
(2003).  
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c. Development of the interactive multimedia courseware 
The content of this courseware was adapted from Metcalf (2004), Tipler and Vickers (2004) and KBSM Malaysia 
(2000). ADDIE method was used as the instructional design method in developing this courseware.  The packages 
used were Flash MX and Flash CS. A story board was carefully designed initially by laying out of the four quadrant 
screen model imitating the two hemispheres of the human brain. It was pilot tested at two places KUiTTHO/UTHM 
in 2005 among 50 Diploma IT year 1 students and a secondary school SM Meranti Kelantan among 12 Form Two 
students aged 14. The courseware was tested by a multimedia expert in FTMM UTHM before it was presented in 
two different local educational technology conferences in Kuala Terengganu 2005 and Langkawi, 2006 and it was 
finally presented in WSEAS International Conference Educational Technology and Education in Tenerife Island, 
Spain in 2006. The courseware has three components called Factorization, Simplification and Test. There are three 
levels of test – Basic, Intermediate and Advance. The questions in the courseware are multiple choice answers and 
both Test 1 and Test 2 came with questions and recommended answers but to proceed to higher tests the students 
must get at least 50% pass in earlier tests respectively.  
 
4. Results and Discussion 
 
4.1 Experimental Results 
 
It was found out that the groups using multimedia interactive courseware out-performed the other two groups which 
did not use any of these technological tools as in Table 4.2 below..   
 
Table 4.2: Descriptive Statistics of each of the participating group 
 
Group Pre Test Pre Test Post Test Post Test 
Type Mean St. Dev Mean St. Dev 
Conventional 5.90 4.4 9.48 6.4 
CL only 6.45 5.8 8.43 6.5 
CD only 8.47 4.6 14.10 5.7 
CDiCL 6.00 5.6 11.97 8.7 
 
From Table 4.2 the CD only group obtained the highest mean 14.1 with a gain score of 6.00 while CL-only group 
fared the worst with the mean score 8.43 with a gain score of 1.98 only. This indicates that the group using 
collaborative learning strategy did not get the highest gain score as predicted by the early research Slavin (1995). It 
was predicted that CL only group should at least come second directly behind CDiCL group.  
Table 4.3 below shows the results using ANOVA method where Pre Test was used as the covariate and Post Test 
was the dependent variable. Gain score was incorporated into the Post Test. 
From Table 4.3, there is a statistically significant difference between group type and post test (p< 0.05). This means 
there is an impact of the different teaching methods in KBP as proven in this experiment. We also tried to check 
whether the impact of learning between different achievers of students against the teaching method. Table 4.4 shows 
the impact between ability level against method is not statistically significant (p=0.324). 
 
Table 4.3:  Tests of Between-Subjects Effects 
 
Source Type III Sum 
of Squares df Mean Square F Sig. 
Corrected Model 2986.955(a) 4 746.739 27.245 .000 
Intercept 1149.227 1 1149.227 41.930 .000 
pre_test 2385.997 1 2385.997 87.053 .000 
group 331.546 3 110.515 4.032 .009 
Error 3206.801 117 27.409     
Total 21254.250 122       
Corrected Total 6193.756 121       
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a  R Squared = .482 (Adjusted R Squared = .465) 
Dependent Variable: Post_Test 
 
There was no statistically significant difference in the value of impact between group type against the different 
ability level of mathematics among the participants in the four different groups. This was very interesting because if 
the test statistics was statistically significant then a possibility that the group members are not of the same academic 
standard at the very beginning i.e., starting point (Pre Test) did happen. In other words there was no statistically 
significant interaction between members of different academic ability against the four different teaching methods 
employed. Thus there is lesser need to test any confounding variable like different academic ability in each group. 
Surprisingly most was the CL only group came out last in terms of gain score.  
 
Table 4.4:  Tests of Between-Subjects Effects 
 
Source Type III Sum of Squares df Mean Square F p- value 
Corrected Model 777.71(a) 15 51.85 1.90 .033 
Intercept 1353.90 1 1353.90 49.51 .000 
Group 167.90 3 55.97 2.05 .113 
ability 89.12 3 29.71 1.09 .359 
Group * ability 287.75 9 31.97 1.17 .324 
Error 2570.64 94 27.35   
Total 5612.00 110    
Corrected Total 3348.36 109    
a  R Squared = .232 (Adjusted R Squared = .110) 
Dependent Variable: Gain_Score  
 
The difficulty was this group used word problem solving as the main learning method. It relied on the team leader to 
excel in solving three different word problems within the first 30 minutes. Most of the time they failed to solve any 
problem without the teachers’ intervention. This shows that the teams lacked mathematical problem solving 
confidence. 
 
4.2 Survey Results 
 
It came out that not all students enjoy learning in groups in the size of 3 to 5 per team. Many girls in CL and CDiCL 
cannot act as effective team leaders because they were not trained to lead. Factors like cultural, religious values and 
norms must be reconsidered in building up collaborative learning set ups. Only the low achieving and the middle 
achieving students seemed to gain the most as compared to the lowest achieving and the brightest achieving student. 
They complained that English in the mathematics interactive multimedia courseware was a big hindrance. Attitudes 
and motivation play important factors in team learning. Thus we used five factors to check on attitudes of the 
participants (Barkeley et al., 2005). They are Likert Scale 5 Very Frequently, 4 Most of the times, 3 Sometimes, 2 
Seldom and 1Very Rarely. The factors are ‘I prepared to contribute’, ‘I stay on task’, ‘I listen to others’, “I 
participated in discussion’ and ‘I encouraged others to participate’. Using SPSS Version 12.0 the Pearson’s 
correlation values were obtained between these five factors. See Table 4.5 below. The values ranged from -0.006 to 
.682 which indicate moderateness between the five factors measuring the attitudes. Negative correlation happened 
between ‘I listen to others‘ and ‘I stay on task’ which means the higher the listening factor the lower is the staying 
on task. Finally the biggest correlation was between ‘I stay on task’ and ‘I prepared to contribute’. Factor analysis 
using varimax grouped all the factors ranging from 0.9 to 0.7 while ‘I listen to others’ came in with the least value 
0.56 (Mohd Sazali, 2010). 
 
Individual and the team’s motivation were measured using Barkley et al. (2005). They are Likert Scale 3 Excellent 2 
Adequate 1 Needs Improvement. The eight factors used are the team member: ‘prepares, listens, contributes, respect 
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others’ and the team demonstrate skills like ‘critical thinking, problem solving, communication, and decision 
making’. Using SPSS Version 12.0 we got Pearson’s correlation values ranging the lowest 0.220 between team 
member prepares and team member respects others and the highest 0.70 between ‘have skills problem solving’ and 
‘have skills critical thinking.’ (Mohd Sazali, 2010). This drives us to one important fact i.e., in order to work 
effectively in teams the members must be developed carefully on the motivation and attitude attributes.  
 
From the interview (n= 24) with they enjoyed the learning processes using the CDiCL method and CD only method.  
High frequency answers are in shown in the Table 4.6. There are some other important effects:  
a. CDiCL group –focus time. We were successful in capturing focus time among the cd users (about the first 10 
minutes) and this is generated by cd animations, simulations and group discussions by students to researcher to the 
courseware. A dictionary CDiCL which was supplied to all groups was rarely consulted.   
b. CD only –focus time varies because the discussion between a pair of users on the PC that motivates the users 
depends on types of friends s/he is having and the dictionary CDiCL was also rarely consulted. 
 
Table 4.5: The correlation 
 
 Group 
Type 
I prepared to 
contribute I stay on task I listen to others 
I participated 
in discussion 
I encouraged others 
to take part 
Group Type Pearson Correlation 1.000 .000 –0.065 0.358** –0.151 0.009 
Sig. (2-tailed)  1.000 0.472 0.000 0.092 0.917 
N 126.000 126 126 126 126 126 
I prepared to 
contribute 
Pearson Correlation 0.000 1.000 0.682** 0.096 0.605** 0.481** 
Sig. (2-tailed) 1.000  0.000 0.285 0.000 0.000 
N 126 126.000 126 126 126 126 
I stay on task Pearson Correlation –0.065 0.682** 1.000 –0.006 0.608** 0.316** 
Sig. (2-tailed) 0.472 0.000  0.943 0.000 0.000 
N 126 126 126.000 126 126 126 
I listen to others Pearson Correlation 0.358** 0.096 –0.006 1.000 0.022 0.113 
Sig. (2-tailed) 0.000 0.285 0.943  0.804 0.210 
N 126 126 126 126.000 126 126 
I participated in 
discussion 
Pearson Correlation –0.151 0.605** 0.608** 0.022 1.000 0.500 
Sig. (2-tailed) 0.092 0.000 0.000 0.804  0.000 
N 126 126 126 126 126.000 126 
I encouraged others 
to take part 
Pearson Correlation 0.009 0.481** 0.316** 0.113 0.500** 1.000 
Sig. (2-tailed) 0.917 0.000 0.000 0.210 0.000  
N 126 126 126 126 126 126.000 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
Table 4.6: High frequency answers from the interview 
 
Items Group Comment 
(i)  English language difficulty  prevalent in all the four groups  Should opt to Malaysian language 
instead. 
(ii)  pictures and animations The cd users only in CD and 
CDiCL 
They remember the fruits that 
represent variables. Dissolving the 
left quadrants before the right 
quadrants appeared really help the 
users. (Mayer, 2001).   
(iii)  size of team CD only;  CDiCL group Size of team too big i.e., 5 per team. 
Inconsistent to (Slavin 1995). 
(iv)  team leaders Not all can be effective leader in 
collaborative learning set up.   
They complained the teachers must 
take other factors - leadership and 
Mohd Sazali Khalid et al. / Procedia Social and Behavioral Sciences 8 (2010) 571–579 577
social skills to encourage group 
work 
 
c. CL only group –focus time was difficult to capture. They blamed more on each other. However, the social 
interaction and mathematical ability among team members improve according to the skills of the teacher posing the 
task. Humour can play some role where in the dialogue activities, the teacher try to reduce the anxiety among the 
students by creating few jokes. Once the students can see the jokes, they can think more productively by giving 
more short but directed questions to each other. 
d. Mostly the girls in the CL only and CDiCL groups gave lower peer evaluation marks to each other than all boys’ 
teams.  This could be the direct influence of attitude and motivation and perhaps anxiety level among low achievers.  
Difficulty in cracking important jokes among girls (coming from religious schools) explains our failure to solve 
tension in these groups. We spent more unproductive time in interpreting body language in order to start teaching 
mathematics. 
e. Conventional group –It seems that everybody knows what is expected from the teacher and his students. More 
one way traffic where mostly spoon feeding happens all the time.  Here cultural and social factors play their impact 
on learning where many teachers’ questions went unanswered unless they came with a local kelantanese dialect.  
f. From unstructured interviews in all the participating groups, the students demand more time in getting acquainted 
to learning mathematics with the computers. Active students learn more than passive students but at times being 
active did not warrant perfect solving ability in mathematical problem solving.  Some quiet students can solve by 
themselves without any assistance from any body. High achieving girls were mostly passive type in CD and CL only 
groups.  
g. Four KBP lecturers who acted as assistants in this study were not mathematics major in their universities.  
h. The students interviewed were comfortable using the four quadrant screen model in this project. However, their 
attention slowly disappears when they got to harder factorization and simplification modules.   
i. Many students were motivated temporarily when CADBURY bars were used as extrinsic rewards. However 
being praised for rare achievement would suffice. 
 
Another observation was rewards can motivate low achievers in mathematics. However, sometimes, the minute after 
a team was rewarded with a chocolate bar, many off-task activities happened. This was different in the CD only 
group where it was found that many partners were doing the discussion all along the time provided especially when 
they are exposed to other links www.purplemaths.com. In short, studying for the sake of learning only could 
produce more mental stamina across all members in the CD only group and CDiCL groups. 
 
4.3 Discussions 
 
It was found out that CD only group obtained the highest effect (gain score) followed by CDiCL group as the second 
effective one , followed by the Conventional Group and most surprisingly CL only group came the last.  According 
to Slavin (1995) body of research found that cooperative learning groups came as the most effective one as 
compared to other methods like the conventional learning. The main arguments were when the participants are in 
group work they can discuss more productively and active students performed much better at Post Test. This didn’t 
happen in KBP Malaysia. The explanation could be -first, the participants in the CL only group and CDiCL group 
insisted strongly to have team building sessions before they were put into any respective teams. To create effective 
work group where more than half KBP sample is low achievers is easy said than done. Secondly, the girls in each 
group did not welcome changing roles while taking collaborative learning strategy. This is because they are 
restricted to their upbringing factors. Thirdly, is the attitude of the overall participants. Good attitude rarely come 
with low achievers where their past history of not doing well in studies was quite dominant. Team building is a must 
where successful team building caused ‘higher’ marks among low achievers. Finally it was our error to pick the 
leaders of each team solely on a strong performance in mathematics SPM alone.  Communication skills and 
personality has to be addressed. Some high girl achievers were too scared to speak out their ideas while interacting 
with peers and the researchers. Moreover, from interviews the students confessed they were not trained to present 
mathematics solution in front of their peers. Good memory by interaction from the courseware is not enough to 
solve the mathematics problem. Among participants average attitude was from 0.4 to 0.6 only. Perhaps the 
combination of hard English content from the courseware and the word problem could explain this phenomenon. 
Their inability to express the mathematical concept was solely blamed on the English content and the video 
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recordings proved this where a lot of time was wasted translating the courseware and word problems.  Moreover 
hard life in word problem solving is parallel to Jacobs et al. (2006) and Schoenfeld (2000). Meta-cognition and 
cognition ability was rarely seen among problem solvers. The style of questions by the teacher had some roles to the 
poor cognition and meta-cognition effects. 
 
5. Conclusion 
 
This experiment used four different groups within eight consecutive weeks. The CD and CDiCL group fared better 
than the conventional and CL only groups. The most important contributing effect was the way the blended learning 
experience produce few excitements and new dimensions in affective attitudes and motivation in learning 
mathematics. If the students are happy the teacher seems to produce much more interesting but challenging 
questions. Objective questions in the courseware help to recall important facts compared to problem solving tasks.  
Word problem solving is still hard to solve in all the four groups if the teacher did not assist along the learning 
processes. 
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Appendix 
Problem solving questions used in collaborative learning set up. 
 
Q1. An iron rod with length ‘x’ cm is heated.  After 10 minutes the length is ‘2x’ cm. Find the rate of expansion 
per minute. 
Q2. Mr Ali bought a carpet for RM100. After some time he sold the carpet for RM140. Find the profit in 
percentage. 
Q3. Solve for ‘x’, where (1/2) – x  = 5x  
